Abstract. The objective of the present study was to determine the optimum dosage of vitamin E (alpha-tocopherol) in the diet of keureling, Tor tambra (Val.) fingerlings for optimal growth performance and feed utilization. Five doses of vitamin E were tested: 0 mg kg -1 feed (control); 150 mg kg -1 feed; 300 mg kg -1 feed; 450 mg kg -1 feed; 600 mg kg -1 . The feed ratio was 5% body weight, which was delivered twice daily at 08:00 and 17:00 for 60 days. The results showed that higher growth performance, feeding conversion ratios, feed efficiency, protein retention, and protein digestibility were obtained at 600 mg kg -1 feed, but the value was not significantly different from the other doses. The optimal dose in terms of the hepatosomatic index and survival rate was 300 mg kg -1 .
Introduction
Aceh Province, Indonesia has an abundance of fishery resources with at least 114 species of freshwater and brackish-water fishes recorded in this region (Muchlisin and Siti-Azizah 2009 ). In addition, Muchlisin et al. (2015a) report that 73 species freshwater and brackish-water fishes inhabit the Tripa peat swamp forest, while Rudi et al. (2009) and Rudi and Muchsin (2011) report that at least 97 species of coral reef fishes occur in Aceh waters. Furthermore, Muchlisin (2013) reports that 14 freshwater species of high economic fish value are found in Aceh waters, including Tor tambra (Val.) , which is known locally as keureling.
Presently, keureling is the main fish targeted by most inland fishermen in Aceh Province and other parts of Indonesia because it can obtain prices of up to 35 USD kg -1 at local markets (Muchlisin et al. 2015b ). Since demand for this species is met by wild catches, resources are rapidly decreasing. According to Kottelat et al. (1993) , the genus Tor as a whole is threatened by ecological perturbation and overfishing; therefore, the development of keureling cultures to meet market demand for this species should be prioritized to conserve wild populations. Cultures of keureling have already been initiated in Aceh Province. However, their growth rates and feed protein digestibility were found to be unsatisfactory in captivity (Muchlisin, unpublished data) . In this study we evaluated the role of vitamin E (alpha-tocopherol) on the growth performance, feed conversion ratio, and protein digestibility of keureling (T. tambra) fingerlings. In general, vitamin E plays an important role as an intracellular antioxidant, in the peroxidation reaction of the unsaturated fatty acids of biomembranes, and in the respiratory function of muscle cells (Linder 1992) . Vitamin E contains alpha-tocoferol, which is important in fish gonad development (Halver 1989) , it acts as an anti stressor (Li et al. 2008) , and it is also involved in the immune system (Watanabe et al. 1991 , Clerton et al. 2001 . Nekoubin et al. (2012) and Li et al. (2014) reported that dietary vitamin E showed significant effects on the growth performance and antioxidant status of angelfish, Pterophyllum scalare (Schultze), and grass carp, Ctenopharyngodon idella (Val.), respectively. To date, no information is available on the vitamin E requirements for keureling (T. tambra) fingerlings; hence, the present study is important to address this problem. 48 Zainal A. Muchlisin et al. 
Materials and Methods

Experimental design and diets
Five doses of vitamin E (D alpha-tocopherol, Roche International) were tested in this study: 0 mg kg -1 or no vitamin E as the control (A); 150 mg kg -1 (B); 300 mg kg -1 (C); 450 mg kg -1 (D); E 600 mg kg -1 (E). Each treatment was in three replicates. An iso-protein formulated diet (30% protein) was utilized in this study. The diet was formulated using the following raw materials: fishmeal (45% crude protein), soybean meal (42% crude protein), corn flour (10% crude protein), fine rice bran (9% crude protein), cassava flour (1.5% crude protein), and ebi shrimp flour (45% crude protein) ( Table 1 ). The materials were purchased at a local market in Banda Aceh. The materials were mixed and pelleted using an extruder and then sun dried for 24 hours prior to use with the experimental fish. The pellet was crushed into 0.2-0.3 mm using a mortar before being fed to the experimental fish.
Experimental fish
A total of 150 T. tambra fingerlings with an average body weight of 2.69 g and an average total body length of 6.5 cm were used in this study. The experimental fish were weaned for experimental diets for one week prior to use in this experiment. The fish were stocked in plastic aquariums (volume 25 L) at a stocking density of 10 fish per aquarium -1 with a water volume of 15 L. The fish were fed two times daily (08:00 and 17:00) with the respective experimental diet at a ratio of 5% body weight day -1 for 60 days. The water quality during the experiment was as follows: dissolved oxygen -10.5-12.0 mg L -1 ; pH -7.5-7.9; water temperature -29-30°C.
Proximate analysis of carcass and feces
Three individuals were collected randomly from each experimental aquarium at the end of the experiment. The carcasses were used for protein content analysis, while the feces were collected three hours after feeding, dried at room temperature, and then processed for protein content. The proximate compositions of the raw materials, the experimental diets, the carcass, and feces were analyzed according to AOAC procedures (1990). Dry matter was calculated by weight loss after 72 h at 70°C. Crude protein was measured using the Kjeldahl technique. About one gram samples were weighed and placed into a Kjeldahl beaker, then 10 g catalyst and 25 ml sulfuric acid were added to the beaker. The samples were heated at 250°C for 20 minutes and slowly shaken. The temperature was then increased to 350°C for 2 hours. After the samples had been cooled for 10 minutes, 300 ml distilled water was added to each beaker. The diluted samples were distilled, followed by titration using 0.1 N HCl (Muchlisin et al. 2006 ).
Parameters and data analysis
Total weight gain, daily growth rate, specific growth rate, survival rate, and hepatosomatic index were analyzed. Measurements were taken at ten-day intervals from all fish in every tank for total body length (± mm) and body weight (± g). ), t = duration of the feeding experiment (day). Feed efficiency was calculated using the formula as follows: FE = 1/ FCR × 100%, where FE= feed efficiency (%), FCR = feed conversion ratio calculated as follows: FCR = F / (W t -W o ), where F= total feed intake (g). Protein retention on the carcass was examined using the formula proposed by Takeuchi et al. (1981) as follows: PR = [(CP-IP) / FP] × 100, where PR = protein retention on the carcass (%), CP = protein content on the carcass at the end of the experiment (%), IP = protein content on the carcass at the beginning of the experiment (%), FP = protein content of the formulated diet (%). Protein digestibility (PG) was calculated as follows: PG (%) = [(protein in diet -protein in the feces)/ protein in the diet] × 100. All data were subjected to analysis of variance (ANOVA), followed by comparison of means using Duncan's multiple range test at a 95% confidence level (P = 0.05).
Results
The results showed that the total body weight gain ranged from 0.33 g to 0.54 g, the daily growth rates were 0.007 to 0.011 g day -1 , and the specific growth rate was 0.30 -0.36% day -1 , while the survival rate was 54.76-64.29%, and hepatosomatic index was 31.23-41.52% (Table 2 ). The study revealed food efficiency and food conversion ratio values that ranged from 53.36% to 65.29% and 1.89 to 3.93, respectively. The protein retention on the carcass was 6.41-23.88%, while the protein digestibility was 88.13.44-91.23% (Table 2 ). In general, higher growth performance, feed conversion ratio, feed efficiency, protein retention, and protein digestibility were found at 600 mg kg -1 feed, but these values did not differ significantly from those of other doses except with regard to protein retention and protein digestibility. In addition, the hepatosomatic index and survival rate were higher at the dosage of 300 mg kg -1 , but they were not significantly different at the other dosages. The ANOVA test revealed that the dosages of vitamin E in the diets did not have significant effects on the growth performance, survival, hepatosomatic index, feed efficiency, or feed conversion ratio of T. tambra fingerlings (P > 0.05), but that they did have a significant effect on protein retention on the carcass and protein digestibility (P < 0.05).
Discussion
The study revealed that the addition of vitamin E to the diet effected better performance trends in comparison to the control group (without vitamin E), where 600 mg kg -1 diet resulted in a higher growth rate, hepatosomatic index, feed efficiency, feed conversion ratio, protein retention on the carcass, and protein digestibility. However, these values were not significantly different from other doses except with regard to protein retention and protein digestibility. Similar studies were reported by Amlashi et al. (2012) for beluga, Huso huso (L.), tilapia, Oreochromis niloticus (L.) (Lim et al. 2009), and Cowey et al. (1983) for rainbow trout, Oncorhynchus mykiss (Walbaum), where no differences in growth performance among tested doses of vitamin E were observed. However, a contrasting result was reported for P. scalare in which dietary vitamin E had a significant impact on body weight increase, specific growth rate, and food conversation ratio with increasing levels of vitamin E, and the best result in growth performance was obtained at 600 mg kg 1 (Nekoubin et al. 2012 ). Overall, dietary vitamin E (alpha-tocopherol) did not have a significant effect on growth performance, but it had a positive effect on carcass quality (protein content on the carcass) and the protein digestibility rate as recorded in this study. Tocopherol deficiency leads to reduced fat and protein content in the ovaries and carcass (Steffens 1989 ). According to Tokuda et al. (2000) , tocopherol plays an important role in fish reproduction. For example, the addition of tocopherol to a sea bream diet resulted in significantly improved fecundity . Furthermore, vitamin E also has a significant effect on fish health as reported by Falahatkar et al. (2012) who observed higher resistance among beluga juveniles fed dietary vitamin E. A similar result was also reported by Montero et al. (2001) (Gatlin et al. 1992) 35-300 mg kg -1 of diet for chinook salmon, Oncorhynchus tshawytscha (Walbaum) (Thorarinsson et al. 1994) ; 100 mg kg -1 grass carp, C. idella (Li et al. 2014) ; 99 mg kg -1 for
Cirrhinus mrigala (Hamilton) (Paul et al. 2004 ).
However, alfa-tocopherol hypervitaminosis resulted in poor growth, toxic liver reaction, and death (Udo and Afia 2013) . Hence, based on this study, it is suggested that the optimum level of vitamin E for T. tambra is 150 mg kg -1 feed, as it is not significantly different from 300 mg kg -1 and 600 mg kg -1 feed.
In conclusion, dietary vitamin E did not have a significant effect on the growth performance or survival rate, but it significantly affected protein retention on the carcass and protein digestibility. However, the best results were noted in the fish fed dietary vitamin E as compared to those that did not receive vitamin E; a dose of 600 mg kg -1 resulted in higher growth performance, feed efficiency, feed conversion, protein retention, and digestibility, but these values did not differ significantly from those of other doses. Therefore, it was concluded that the dietary vitamin E dose of 150 mg kg -1 feed was the optimum one for T. tambra.
